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CHAPTER I
INTRODUCTION
The study-of the mechanics of human movement dates
back to the nineteenth century studies of the Weber brothers
on posture and walking.

Although they used observational

techniques, their studies are considered classics and are
amazingly accurate works for their time; however, obser
vational techniques are inadequate to apply to complex,

rapid motor skills.

Advancement in the field of body

mechanics was retarded for more than forty years due to the

lack of a satisfactory method for the chronological repro
duction of movement.

(7)

It was not until the i88o•s when Eadweard Muybridge,

following the suggestion of Janssen, _an astronomer who
studied the movement of Venus in serialized pictures, used

cinematographic pictures to study human motion, that
progress was seen in the field of body mechanics. (7)

Muybridge's subjects were horses and the procedure he

used was one of placing series of camera_s along a track
to record the movements. By using a zoopraxiscope he

could simulate the effect of a motion picture. (2)
Improvements in cinematographic techniques have

made the study of human movement more precise.

The

/
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movements of many sports activities have now been analyzed
cinematographically.

Such analyses are ideal for correlating

performance and theory.

They are helpful aids in classroom

instruction and coaching.

(1)

Since physical educators tend to teach a skill by using

an ideal model, they should have a definite idea of its exe
cution.

A trial and error type of training resulting from

lack of an ideal model of execution would not be beneficial
to the student.

If an instructor could view a film or

photographs of the execution of the front handspring or any
skili and train his eye to identify success.fUl execution,
the identification of unsuccess.fUl execution, that is, problem
areas, would become easier.

Once a problem area is located,

the student is able to work towards correcting it.

This

technique should speed the learning process as long as the
skill and strength levels of the performer are sufficient
for him to master the skill.

It is with this idea in mind

that this study was undertaken to analyze the front handspring

cinematographically.

Statement of. the Problem
Purpose of the Study
The purpose of this study was to analyze the front

handspring cinema�ographically using women gymnasts who were

,,'
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able to perform the skill success.fully.

The analysis was

done in the light of the following points of execution:
angle of elbow extension, hand contact time, angle of push
off, moment of hip snap, distance covered in relation to
success, path of the center of gravity, center of gravity
at push-off, and the coming together of the legs from the
walkover position.
Statement of the Problem
This proplem, involved cinematographic analysis of the
aforementioned points of execution of the front handspring
as performed by skilled gymnasts.

Five trials by eight women

gymnasts were filmed with a 16 mm. Cine Kodak K-100 Turret

camera with film speed set at forty-eight frames per second.
An eight foot by six foot grid screen composed of one foot
squares was placed on the backdrop wall to serve as a refer
ence point for measurements.

The frames illustrating the points under analysis were

analyzed in the light of finding similar.movement patterns
among the subjects that suggested conclusive results.

Importance of the Study

one of the aims of physical educators is to teach motor

skills, simple and complex. In order to teach any skill
effectively the physical educator must understand the skill

4
completely and be able to interpret his understanding to the
student.

Through cinematogtaphic analysis of skilled gymnasts

performing the front handspring, the physical educator would
be able to formulate a model of execution.

The more precise

the model, the more specif.ic the teaching can be.

Since

specifics are easier to connnunicate to students, more effi
cient learning should be the product of a cinematographic
analysis.
Definition of Terms
Since terms were used to describe the phases of the front
handspring and the areas being investigated, words used in
this study were defined to clarify the text.
Approaph. 'From the starting line to the point where
the fingers contacted the mat.
Body inversion.

From the point where the palms contacted

the mat to the point where the body was over the hands.
Push-off.
Flight.
Landing.

The instant the fingers left the mat.
From push-off to landing.
The instant the feet contacted the mat.

Angle of push-off.

The angle formed by the ground and

a line passing through the wrist, shoulder, and hip joints.

/

5
Hip snap.

Forceful extension of the legs and hips.

Walkover position.

Legs push-off individually and

follow each other around the axis of rotation, the hands.
Path of the center of gravity.

The movement of the

center of gravity during the execution of.the front hand

spring as evidenced by plotting the path or a marking line

defining the center of gravity.
Center of gravity.

Fifty-five per cent of the total

height above the soles of the feet.
Lintltations

The number of subjects was lintlted.

A larger number

of subjects would have enhanced this study.

Although a

three camera analysis is considered more reliable, only one
was used as it was the only one available.

/

CHAPTER II
REVI:Elrl OF LITERATURE
A review of kinesiology and gymnastic books which con
tained descriptions of the front handspring was made�

Since

there was no record of a cinematographic analysis of the front
handspring, the writer found it necessary to review cinema
tographic analyses of related gymnastic activities.

In

addition, it was necessary to review cinematographic studies
not pertaining to gymnastics in order to develop a procedure
which would give the most accurate -inEormation about the
front handspring.
Description of the Front Handspring
The front handspring is generally divided into five
phases for description.

These five phases are the approach,

body inversion, push-off, flight, and landing.
Yeager described the approach as a short run and a

skip with the forward leg lifted, lmee bent.
occurs the arms swing forward. (10)

As the skip

Body inversion was described by Hughes very ,aptly:
As the hands reach forward for the mat, the left
foot makes contact with the ground and the right
foot is thrown up over the head. The hands are placed
on the mat shoulder width apart about two feet in
.front of the left foot. The arms should be perfectly
straight and the head back with the eyes focused on
a spot on the mat about a foot in front of the hands.
/
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About the time the hands make contact with the mat
or maybe slightly before they contact the mat, the
left foot thrusts vigorously off the mat and follows
the right foot overhead. (5, page 26)

7

The push-off was described differently by each of the

following authors:

De Carlo, Hughes, Scott, and Yeager.

De Carlo described the push-off as being with back arched,
push out in the shoulders with extended arms as the body_
overbalances.

(3)

Hughes described the push-off as follows:

As the legs reach the handstand position, the hands
leave the mat and the feet continue their circling arc
over the head to the mat. This is described as a push
in most texts but is actually more of a rebound off the
hands with the push from the fingers and·the thrust
from the shoulders beinc secondary in importance•
••• the hands will remain on the mat only a fraction
of a second. The reboundine; effect will be lost
entirely if the arms are bent or if the shoulders
are allowed to get in front of the hands when the
hands are on the mat. At the time of the rebound off
the mat the lower arms, upper arms,· and trunk should
form a straight line with the shoulders extended as
far as po' ssible. (5, page 26)
According to Scott the final push .from the hands comes

from elbow extension, wrist flexion and finger action from

the two finger flexors. · (8)

Yeager described the push

off as a combined forceiul push of both the forward foot
and the action of the hands and shoulders. (10)

Flight is described by Yeager as being performed with

the back held well backward. The arms are heald in a stretched
. position back over the head. (10)
The landing, according to Hughes, is performed with the
the head preceding the arms with the
head slightly back,

8
back arched.

(5)

Scott attributes the straightening of the

body and the recovery of balance to the work of the abdominals
and hip flexors.
strike the floor.

The hips flex sharply the instant the feet

(8)

The contradictory descriptions of the push-off phase,
particularly the angle of the body at thrust and the angle
of the elbows prior to and during push-off, interested the
writer.

It was this contradiction that lead the writer to

recognize the need for a study encompassing these contra
dictory elements of the front 1 handspring.
Cinematographic Analysis of Related
Gymnastic Activities
Only one cinematographic study of a related gymnastic
activity, " Ballistics in the Mat Kip" by Ronald R. Spencer,
was available for examination.

Spencer used twenty-eight

college men to determine the range and angle of leg thrust
in the performance of a successful gymnastic mat kip.

(9)

The value of ascertaining such angles for the mat kip was
recognized by the writer and the idea of determining angles
for the push-off of the front handspring was formed.

/
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Related Cinematographic Techniques
Devries used a grid screen to facilitate measurement

of body

movements

in the analysis of the dolphin stroke.

(4)

Race kept the camera fully wound throughout his study
to

minimize

When

the

e.ffects of' reduced

the tens ion

changed.

of

the

tens ion

spring is reduced

in the

the

spring.

film speed is

(6)

Both Devries and Race u sed correction factors

to

acheive

reliable and valid measurements of linear distance on films.
Di stances on film do not usually

measure true to

life.

A

lmown distance, correction factor,. must appear in the film
for correction

to

be made.

The di�ection of

sequ ence

of

(4,6,1)

movemen t,

movememts,

related body

movements,

distance, angle s , condi tions of

equilibrium and so forth, may be de termined directly or

indirectly by

means

of the analysis of motion pictures.

However, for a cinematographic analysis of an activity to
yield accurate results, certain basic principles must be
followed.
Cure ton.

These principles were developed by Dr. Thomas

John Bunn reproduced much of Cureton 1 s ma terial

from "Elementary Principles and Techniques of Cinemato
�aph ic Analysis as Aids in Athletic Research". (1)
,/

Measuremen ts have been made on the human body in motion

with a routine experimental error of less than one per cent.

/
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Measuring angles is accomplished by scaling directly with,a
protractor the image projected on a f'lat vertical su.rf'ac.e
with the lens f'ocused at a ninty degree angle and perpen
dicular to the screen or su.rf'ace.

To measure joint action,

the apex of' the angle of movement can be taken as the point
at which the sides of' the angle join.

Some lmown dimension

should always appear in the f'ield being photographed so that
corrections, lmown as reduction factors or multiplers, may
easily be made.

To obtain a multiplier, divide the lmown

dimension by the measured dimension on the screen.

To bring

the measurements on the screen up to true size every dimension
on the screen must be multipled by this factor.

A f'unda

mental rule to reduce perspective errors is that the object
to be photographed should be directly in front of' the lens
and in a plane either horizontally or veritcally perpen
dicular to the lens.

(1)

The proc&dures and methods used by these researchers

were helpi'Ul in developing the procedures and plans used
in·this study.

/
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CHAPTER III
PROCEDURE
The selection of subjects, equipment and techniques
used, photographic methods, and the preview and selection
of frames are included in this chapter�
Subjects
Eight gymnasts were selected from the Longwood College
student body.

Selection was made on the basis of success-

ful execution of the front handspring.

of the subject_s was taken.

The standing height

The center of gravity was calcu

lated as fifty-f1ve per cent of the total height.

The subjects

wore black leotards marked with yellow tape at the hip and

shoulder joints and at the calculated cente� of gravity.
Cinematographic Equipment and Techniques

The front handsprings were filmed with a 16 nnn. Cine
Kodak K-100 Turrett crunera set.at forty-eight frames per
second,

1.4 f stop, using a 25 nnn. lens. Kodak Tri-X negative

film was used.

The camera was set on a tripod perpen-

dicular to and twenty-five feet fro:m. the middle of the mat.
The field of vision was th±rteen feet by eight feet.

An

eight foot by six foot grid composed of one foot squares

•-

--- -

was placed on the wall .five feet behind the subjects being
photographed.

12

A tumbling mat marked with tape to indicate

the touch-down spot for the hands was lined up parallel to

the wall and perpendicular to the two .foot mark on the grid •

A flip sheet was used to indicate trial numbers.

A tape

measure was anchored to the floor on the side of the mat

nearest to the wall, parallel to the wall and mat, the zero

unit starting at the two foot line of the grid.
Photographic Methods

The .film irig was done on January 16, 1968 on a sunny day.

The lighting conditions were important in order to get the

proper exposure.
wlth tape.

Landmarks were indicated on the eic;ht subjects

The subjects were allowed to warm up in their

own fashion with the exclusion of per.forming .fornt handsprine;s.

Three practice handsprings were permitted if needed.

The

signal to start the handspring was the lowerinc; o.f the photog
rapher's arm accompanied by the verbal command, "Ready, Go".

Five cons ecutive trials were filmed. A.fter each execu tion
the subjects noted the distance traveled in the air by reading

the measurement which was perpendicular to their heels.
Also, the .flip sheet was changed to the next number. The

camera was wound a.fter each twenty .feet o.f film to avoid having
the spring

run

down�

/
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Preview and Selection or Film
The fiim was previewed on a 16 mm. Baia ediviewer.

The

best front handspring of each subject was selected for analy
sis.

At this time frames were selected which showed the first

hand-to-mat contact, the greatest degree of elbow extension,

the frames preceeding, during, and arter the push-orf, the

height of flight, the initiation and completion of the hip
snap, legs together from the walkover position, and landing.
Descriptive analyses and measurements were made from these
frames.
Methods of Studying Film
The strips of film for each subject were edited on the
Baia ediviewer.

Measurements were taken of the greatest

angle of e�bow extension, the angle of push-off, hand
contact time, moment of hip snap, distance covered in the
air, path of the center of gravity, center of gravity at
push-off, and the coming together of the legs from the walk
over position.
It was possible to compute the time factor for certain

events in the handspring.

This was done by counting the

number of frames that hand contact, p�sh-off, initiation
and completion of the hip snap, legs coming together from
the walkover position, and landing were away from the frame
showing the touch-down of the raised knee in the approach.
/

Since the camera speed was forty-eight .frames per second, it
was possible to compute the sequence o.f events .from the .firs:;
measured frame, touch-down of the raised knee in the approach,
to the last measured .frame, landing, and the amount o.f time
required to complete entire phases of the handspring in terms
o.f tenths o.f seconds.

The placement o.f an event in the sequence

was determined by multipling the dif.ference between the frame
number showing that event and the first. frame by the quotient
of dividing one second by the number o.f frames per second,
.020833.

The amount of time required to complete an entire

phase was computed by nmltipling the difference between the
starting and finishing frames of the phase by .020833.
Since the distance was recorded for each execution, the
mean for the distance traveled in the air for the group was easily
computed by using the correction factor.

Four si•teenths of

1

an ihch on film is equivalent to one foot in true life.

The

greatest angle of elbow extension was calculated by measuring
the angle formed by a line from the shoulder to the elbow and
a line from the wrist to the elbow.

The angle of push-off

was determined by measuring the angle formed by a line passing

through the hip, shoulder, and wrist joints and a line parallel
to the floor.

The angle of the center of gravity was deter

mined by measuring the angle formed by a line passing through

the marked center o.f gravity and a line parallel to the .floor.

The distance o.f the center of gravity past the wrists at

-�---.
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push-off was calculated by measuring a line parallel to .the
f loor running from the midline of the wrists 1mtil bisected

by a line perpendicualr to it from the center of' eravity to
the floor. The path of' the center of gravity was determined

.from the following frames:

approach, hand contact, body

inversion, push-off, height of' flight and landing.

The path

was plotted on paper with lines corresponding to the grid

screen lines.

After the analyses were made, means for the eic;ht subjects
were computed to determine ranges for successful execution.
Illustrations were made from the best execution·of' the hand

spring of the, .selected frames showing the phases that were
measured.

CHAPTER IV
ANALYSI0 OF DATA
The measurable characteristics and the descriptive
analyses are included in this chapter.
Measurements were taken of the greatest degree of elbow

extension, angle of push-off, angle of center of gravity on

the push-off, distance of the center of gravity past the wrists
at push-off, and the distance covered in relation to success.
The sequence of events which included hand contact, push-off,
initiation of hip snap, completion of hip snap and landing
was determined.

The amount of time required to complete the

phases of hand contact, hip snap, and flight was computed.
The means of these measurements were computed on the basis

of the subjects' best execution.

The time µsed by each subject to execute a certain phase

of the front handspring was determined by counting the number

of frames from touch-down of the raised knee in the approach

to the beginning of the phase involved.

Since the camera

speed was set at forty-eight frames per second, the time con

sumed for each phase was readily discernible.
Mea�urable Characteristics of the
Front Handspring
Distance
The mean distance traveled

in

the execution of the front
/
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handspring was three feet, one inch.
Angle of elbow extension
The mean for. the greate�t angle of elbow extension was 171 ° .
Angle of push-off

The mean angle of push-off was 70 0 .

Angle of center of gravity at push-off
The angle of the center of gravity at push-off was

75.7 ° .

Distance of center of gravity past the wrists at push-ofT
The mean distance of the center of gravity past the
wrists at push-off was one foot.
These means were included in Table I.·
LJeguence of events
;

The touch-down of the raised knee in the approach was
the starting point fdr counting frame·s, therefore it occurred
at the

.oo

second mark.

The mean time for hand contact to

occur was at the .20 second mark.
off to occur was at the

.54

The mean time for push

second mark.

The mean times for

the initiation of the hip snap, completion of hip snap,
and landing were at the .21, .62, and .76 seconds mark
respectively.

These means were included in Table II, page 19.

/
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TABLE I
MEANS ON DISTANCE TRAVELED, ANGL� OF ELBOW EXTENSION
ANGLE OF PUSH-QFF, ANGLE OF CENTER OF
GRAVITY A'l.- PUSH-OFF, AND DISTANCE
OF CENTER OF GRAVITY PAST THE
WRIST AT PUSH-OFF
Trait
Distance
Angle of elbow extension
Angle or push-off
Angle or center of gravity
at push-off
Distance of center of gravity
past wrists at push-off

Mean

3 1 1"
171°
70 °
75.1°
1•

/
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TABLE II
MEANS ON SEQUENCES OF EVENTS

Event

Mean

Touch-down o:f raised lmee
in approach

.oo .. seconds

Hand contact

.20 seconds

Push-off
Initiation of hip snap

.54

seconds

.21 seconds

Completion o:f hip snap

.62 seconds

Landing

.76 seconds

,',

Amount of time required to complete a phase

20

The mean times .for the execution of the hand contact,

hip 'snap and flight phases were .35, .40, and .35 respec
tively.

The mean time for the entire execution of tho

front handspring was .76 seconds.

These means were included

in Table III.
From the measurements taken, many observations were made

pertaining to this study.
contact to push-off'.

The arms were kept straight .from

Push-of.f occurred soon after the body

pasted out of the center o:f gravity.

The push-off was more

of a rebound than an actual push, with the hands maintaining

contact for a brief time.

Hip snap initiated at approxi

mately the same time as hand contact or shortly thereafter.

Hip snap was continued through push-off and completed shortly
after.

The greater the angle of elbow extension, the higher

the path oi' the center of gravity during i'light.

Figure 1,page 22 1 illustrates the selected :frames

of the phases. that were measured as performed by the subjeot

who best executed the i'ront handspring.

21

TABLE III
MEANS ON TOTAL TIME REQUIRED.TO
EXECUTE A PHASE

:Mean

Phase
Ho.nd contact
Hip snap

Flight
Entire execution

.35

seconds

.35

seconds

.40 seconds

.76 seconds

/

\

CTI

(2

(5°'r

(6)

Figure 1.

(71

1

(

(\
(81

Illustrations showing frames selected for measurement:
(1) first hand-to-mat contact, (2) initiation of hip snap,
(3) greatest degree of elb01-:- e:�tension, (4) frame preceding
push-off, (5) push-off, (6) frame af'ter push-off, 17) height
of flight, (8) completion of hip snap, (9) landing.
I\)
I\)
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS
From the measurements taken the writer was in a position
to formulate certain conclusions and to recommend areas for
.future study�
Conclusions
Conclusions were based on measurements and descriptive
study of the film of the best execution of each subject.
1.

°
When the angle of elbow extension was closest to 180

the handspring was executed successfully.
2.

When the angle of push-off was closest to the perpen
dicular the handspring was executed success.fully.

3. When the total hand contact time was short the handspring

4.
5.
6.

was executed successfully.
Hip snap initiated at or slightly before hand contact in
the execution of the handspring.
Hip snap continued through push-off phase in the execution
of the handspring.
Hip snap was completed soon after push-off in the exe
cution of the handspring.

7. When the angle of elbow extension was closest to 180 °
the path of the center of gravity during flight was

higher.

248.

When the path o:f :flight was higher, the distance traveled
was less.
Recommendations
Although some research has been done in the :field o:f

cinematographic analysis of sports activities, there is defi
nitely a scarity o:f information on gymnastic activities.
Extensive research is needed to use cinematographic analyses
:for determining precise breakdowns of all gymnastic activities,
determining problem areas in gymnastic activities, and rein
:forcing mechanical and kinesiological -analyses o:f gymnastic
activities and vice versa.
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TABLE IV

ANGLE OF ELBOW EXTENSION, ANGLE OF PUSH-OFF, ANGLE
OF CENTER OF GRAVITY AT PUSH-OFF, AND DISTANCE
OF CENTER OF GRAVITY PAST THE WRISTS AT
PUSH-OFF FOR THE BEST EXECUTION
OF EACH SUBJECT

Sub.
no.

1
2

3

4

5

6

7

8

Angle of
elbow
extension

87°
140 ° .
J

128 °
161 °

157 °

°
179

154°

153 °

Angle of
push-off

Angle of
center o:f
gravity at
push-o:ff

Distance o:f
center o:f
gravity past
wrists at
push-oft:

67 °

5/16 inch
5/16 inch

58 °
°
65

68 °
72 °

70 °
82 °
69 °

76 °

4/16 inch= one foot

67 °

77°

. 77

°

75°
85°

77°

Bo 0

4/16 inch
5/16 inch

4/16 inch

1/32 inch

3/16 inch

3/16 inch

•
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TABLE V
NUMBER OF FRAMES FOR APPROACH, HAND CONTACT, PU0H-OFF,
INITIATION OF HIP �NAP, CO:VJ.PLETION OF HIP SNAP,
AND LANDING FOR THE BEST EXECUTION OF
EACH SUBJECT

Approach

Hand
contact

1

1

11

2

1

10

1

11

Sub.
no.

3

1

4
5

1

6

l

7

8

8

9
j

6

1

13

1

10

Push-oi'i'

Com. o.C
Int. of'
hip snap hip .snap Land.

24

9

31

11

29

28

10

31

31

27

25
17

10

35
34
38

31

38

21

31

11

28

36

29

11

27

38

12

34

7

32

�-0

j

•
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TABLE VI
TOTAL NUMBER OF FRAMES REQUIRED TO COMPLETE HAND
CONTACT, HIP SNAP, AND FLIGHT PHASES FOR THE
BEST EXECUTION OF EACH SUBJECT

Subject
number

1
2

Hand
contdct

Hip
snap

20

22

14

3

17

.5

16

7

16

4

6

8

18

21

Flight

3,.5

34

38

19

21

,38

11

14

31

17

1.5

23

20

36

38

40

/

